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M2ASURIMEETS O NOISZ FROM L¥FLyX OSCILLATORS

Adalreat

A program of mageurawents o0 nolag outpnt of reflex local oscilletors, partiotiarly

the 7T2PAf} and 2X33, was unlertaken to tr7 o dgtarcing the ieportanse of thia

faoter 10 recadver dasign. Conslderiag the two anlss eldstands sach 2.5 msfneo vide
and loceted 30 Ig&l.c oway frow tha mailn vutput, we found acles powars ranging from

2.2 to 9.8 x 10714 watta goming out of 720A/R'g loaded for optimam ontput, Asymuetriosl
Pehavior of the noles with glpatronie tuning was lnvestigated mcd found to ragalrs

thy aew Sheory preteated in the onmpanion report ounber 873 by J. L. Zaipp. Some
Lsaturesients of the individual noles sidebands rnd of thy oolng ontput an o Tanstion

¢f load wars found %o ba ¢n setlsfactory aeresvent with thaary. 3
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A ESH PIe DSCILLATORY

Althongh 1t has heea knova for abont thrse rmrol thatl local ospillators eam
eontribate appresinble nolie in sicrovars —sosirsre, ithe srpefimental data have
hean Father sannly. In view ef the faclt that tha trend o higher radlo frsquencisd
and tha steady improremsnt in eoarsrters hoth toad to magntfy ke importeuns of thias
souros of nolee, 1t wae da2ided %o undertake A ZenwreEend program covering partiou-
larly the refls ralooity wvaristinon tnbes need a2 X and 1 bande. The recent iotro-
duntion of balsnoad nirera whish elizlante thie noles has greally reduced the pras-
tioel leporiancs of this work but deverthalese it may be of interast for the light
it afforde oo the hahavier of roflex osctllators, 11 was intgade® 85 etudy the
nolne ontpod of a group of tuhes under reprofuoibla ¢omditions, 80 altempt to detar-
eine the affectes of 4if7arant tube devigne, an vell as o Obtain Rumsrioal inforaa-
tica for tha nee of tha eet {esigner. ¥With this in mind neasaramants vith 1-'4 of

30, 60 and 90 mo were made first cr a group of 723ZAD tobees and later on eome sssarhed
X-Yand osotllators,

Vhile the melsuTamedts Wore 1o progrefs, a Papsr hy Plerae? appesared and wve
davcted sonslidarebla effort to nttemgte to rertfy his caloulations, Our gonolneion
wae that his thaosy avrsared to pradict correctly the effects of ghanges in tnhe
devign or load ooaditions on eslee nabt Lhe conter of the eleotrionl tuning renge,
but thet 1t wae inoapahle of nooounitng for the iarge rariatione we found with qlec~
triosl tuning. At thts etage Dr. Fnipp ctorted on & mors ovmplats theory st forth
in o companion paper® whloh seas eagable of sooounting fully fer the ohesrvations.

Pinroy's theory consifdared thras aeshanlens b7 vhiok roles oonld bs introduged
to the 1-£: 1) the "high frsqucney nolse®. thovght of ee ehot {and intaroaption)
nolss 1n the team ooopled out through tha carity, 2) “low fragnensy noles® dus Vo
anplituds modulntion of tha osolillatar hy asles oomponsnte in the bees at 1-f, and
3) feequency wodnletion dus to finetveticns {near 1-f) in phees of the refuraing
alwotrons. Txperisentally 1t secaza that with adssuate hypassing® of the lends ts
the ssollletor tude meotanlsce 2) and 3) are relatively unimpertast.

Aeide fron Alffergncos In apprasoh, Eninp’'s theory 1s an eXtgnatos of Plaroe's
o-nelderation of the bhizh freacuensy metes, 1) 1n which hg takes ancouat a) of the
coharence hetwasn tha firet rnd =esond paesage of the sleotrons through the gap, and
bl of aoiss dua 20 mizing of warions a5ponents in the heat with barmenios of the
sa.1llator current. The cohsrsnos n) Introiuors a strong wariation with slactrical
toning 1n asoord wilkh ovr resulis. Io mest of onr exparisants ntiss dus to Lthy tweo
oldadaade, corrasreniing to "eigaal® snl "image® 1o ordlaary enperhalerodyns fecep-
tioa, wis zaraurad without any attearl of eelectica. in Faipp'e theory, on the sthar
hard, the two hande ers nnloulsted srparately snd then wameed for cowparison with
sxparinent. The contridutions sre 10 general not squal.

1. Sherwood and Gineton, 3persy Oyrescope Co. Eenort BE20-107
Bagk, 3al) Tglaphons lahe Raport FM-42-13C.88
Ronoh, Stendard Taleshones and “ables Co. Report 2266 (0) - (Wipl1)
lasre, Eadiation lab Nenert 81-22
Plsrca, Dall Tolaphoos Lahe Report MH-44-140-4
Fatpe, Radtsttcn Lah RBepory 873

The imporiancs o’ good hypaselng onn soarcely he Orsrgstisated. Lask of 14
scnld introfuce estonishicg amcumis of onles in soss oirgumetansas.
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hotnon ol Measurement

In noet of the prior work cn cszillnter nolso the wensuremante were made
ceing & reserant cavity Zilter to rerovo the nolsc sidetands from the osclllantor
eutput. In the preescnt this sohere wee nrolded as we desired to present a
non-readtive load to Loth the mixer nud tho csolillntsr under test. Instead the
"temparature” of the cryital was zeagumed for vnrious conditions velgg the set-
up shown in Fig. 1, in which the eniput dua %o oTystnl nolee wne compared with
the noiwe from a resistor of oquivalent i-f irpodanco.

We have the familisr relation for noles figurs {(in timee) of & recelvar

Fa T + !'n.:i
)
(]
whore ¥ 10 the overall nolso flgure, T, ond G° the “terpernture” ant convereion
galn of the eryetal, an ?l‘-' tho neles flgure of the i-f amplifier. If addi-
tional noles pover froa thi loenl oscilistor r—n (in wntte for the bandwidth B)
40 fed to the inmput we have

Pelgg e 0Tl
kIB [)
1
w14 ?n_ - 1-
[+)
0

] & A = [ ] ]
'1'° - 'l'a - ?&3:,; 19 an roperent eryatal Ytempernture” inoluding
k23

the sffects of esoillator-nolso.

whare

lat P_ te .01 lona eillntor Faver fed to the oryetal and P [P the"nolee/
signal® ratia {n3dee output power in ¥ R ever cscillator mlp&t) for the
oeolllntor, We have Py {3 w ¥l “x‘ If we reamure Ta. unter standard sonditione,
exy 0.5 na oryetal cur Py ¥ 1 rry #ouzhly ne 1/0_, and %o n firet approx-
imation T ' = 7 19 tiorn v leonl oectllnte’ notes ratio P“IP and not
dependent on 1§ pr: ey 0F Lhe cryntal used,

Throughout t:a \@aT ¢ DO ugad one oryetal whioh had ¢ = =7 Ab
ad T = 1,2, nnd n pling wae alweye afJuntod te glve a rectified cufrent of
0.5 =&, The oryetnl ate ere °FT 1tly ohooked and remaised quite conatant.

Ae inifeated in Mg, 1, ¢ ecruriig sot 2ensisted of three preamplifiaere
tured to 30, 60 and 90 ke, acd o xoin anplifior about 2.5 xa wide tuned to 30 me
whioh incorpornted an i-f cit tor and power output neter. Im the case of the
80 and 9 = prearplifiere a ord conversion to 30 mas wns amployed.

Coupling betwoon the nixer and preamplifier wae by n coaxial line traneformer
80 arracged thet ehifting 1-f invelved orly olianging two cables, and Aid not
affeot the crystal prapertlien, A noine diode wne mounted =a thoe mizer so that
1" oould be measured in the thres cazes.

The tule was wounted on n ssctien 5/8° x 1 1/4* {outside) vevegilde with the

antonna located gertrally in the gulde, A choke plunger in ths end eof the gulde
vae
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dJusted for emch tn‘l to o taln caxizom output. A tﬁlr way ampleyed t0 reduoa W
:‘ e 1® gutde nnd & etandard flap atlrmuntor served (o pdjust oryste! ocurrent. Ty
oryetal holder was of cosveaticmal design.

Thty pluabing wae used for nost of the Apasufy?eils Teported hera aad einiler
arrangemante wera gaployed ot K-band. To psreit separation of the nolea 3idy ands
in oae experimsat 1t way modifiad By the lntrodnation of a filtar savityona ¥
conasotion Bytween tha pad end the oryetal to raject ons sckpenent at will. Ia
this ease 1t would brwy bena [ afasadly to evold ohangas in erystal gals and i-f
inpedanca by additional paddlag Betvese tha oryetal azd tha T tut tha local osedllater
povar vas met pufflolyat %o permit thie.

Eamlits

The firet maseurpusate vers & oarise of coitrole %7 astahlish the valldiby »f
the schele. In thase the cutput povar c¢f the 7234/3 wge varted in 08¢ Sanker AOt
Likaly to affset the nolsee ontput matertnlly, esy by ahaaglog the Feednator voltaga,
the attenuntion wae Teasdjueted to give tha eszae oryotal ourryet, and P and ¥,' wara
obaerved ot the thryw 1-f's. Vaea T,' for the onhr of tha ealectrigal tuniag ramge
in a given mode (which we Rava ul.l.od tte "vead on" opondltlon) 1 plutted agalast
1/P the result 10 & etralght 1ing for ench 1-f, Thie llae 1f produced weuld inter-
sa0t the ordinaty axie at a oonetant value for T, ta Agreensat with the valng 1.2
previcusiy dstarsimed. A typloal plet of thte o7t Lo shova e Tig. 2.

1% vee notload at onge that 1f the powor outpet of the ceolllater waw varied
by elsotrical tuning tkat the plote eculd no lenger be produoed dask o the gommea
iaterespt. ae indigated by the Sotted llaes ia T1y3. 2. Ale: thery was a etreng
depenldence 0n the direatlioa of slectrical tunlas, Jnorsaelng frequensr giviag ia-
orenved notey,

Definite aTualr: in nelaee octput ae a Fuictlon of ylectrisal tuaing had besn
of.

otaarved before eurves ta Dpere’ raport) tut wee apparently ancrided %o a pe-
guliarity of the r-f prepertiet of thy alzer ard uorm or less ignored. 1ln our ex-
Ferisenty 20 high Q alefente wazs pratant acd the asyoreiry way so proalnsnt 14
conld not be passed 0ver, Tarily bezites we Nad ths tude Vightly ooupled to the
vave galde.

Yor oonvenienss ve Bafe our measurpzsete gea~tally 1a thrye oonditloys, tuned
"land 0n" and Qetuned by verlation of refleotor voltage to tbe tvo half-pover potads
(dasignated ae " BIgh® end ) low®). 1t was voon found that the ratic of tha enlse
eetpute at the twvo half-prwer putots. the "bigh/low retic”, varied froa tudy to tuby
098 aled deyenied om asde nved enl 1-f fer a glven tote. 1o Tadle ! wa tilwetrets
the data chtnloed oo ome 72ZA/D gt thres 1-f's and for five reflector modew, together
with ths power ontput azd eleotripal tualag TFange Betvesh balf Tower priata.

Ae alght ha expected the nolse LacToases rapidly whan thp 2-f &s raleed. Indged
the Secraste 12 nolsg le g0 mrkg! that oot mach laportanoe nesd be atSached to the
90 me date, as the axpariasatel yrror moat be gonsideratle. It should Ye aeationsd
that at tha half powar peinte the coupllag wee docbled (%o kesp the eryetal curreat
conetent) and tharefore if nolse ostput cloze le 5f lnterset ! - ! for the Mlf
power polnte should be &lviied by 2
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The rasulle for tha ®45 voli' acda arre~r lucs startliag vben con takes iate
sosoont She varlations in power output. Ia thae lewer Ralf of ths Sable ws show dhe
nolae pover ia ualts of 3033 vatte computed from the Talation Py = £, = ¥, .
nslng T - 32°K, and n bendwidsh of 2.8 me. o R L

Time $bs figarae for Py repraseat tha sotual eoisa pover coming oot of the tube
ia tha two 2.5 mo wida Yande located mymeeirioally abont the fragquenay sf osolillatiea
al g dletence agqual %o the i-f for thg Yarilous oonditions 1isted. Imsh figure 1o
the wum of ths powsr in the two sidsdands, wdich se we shall ses later, srs in
cot pqual. It must be rememborad that at tha § power paints the moles/eignal ratis
I‘l[’ wvill % poorsr elhoas ths useful pover P will Ga decrmassd by a feetor of 2.

Apart from tha 45 volt mods thera teers 0 ba a Pegilar trend dowawerd 12 soles
povar na tbe traneit sngle iv inorsated. DBucstes of tha Yary lov pover sdialned i
the 45 volt aode 1t wae not poveldls to use adequats padiing betvesn the oscillator
snd efystal vo rammlts for thls mods may Ya 10 error due $0 rescnance sffsate.

Also in the 45 vol$ mods the slectzons peratrats olonvg %o the reflesior and tha foous-
ing may ba badly upuet.

Fermally wa £ind that tha "Righ/lov retie® 1e greater than unity bat 1a the cmes
of the 45 volt mods at 90 mo 1-f wa find a ratio of asly .68. This anomalous Be-
havior was sgeasienally found in other tubas =% boSh I pnd I basde and has beet re-
portad by §, 2, Niller of B.T.L. Xnlpp's Vheory prediots thasg ratioa ia casse sf
sxtramely light leading wush as wonld bp found bers at the 45 volt mode vhen the
loading was sorreetly adiustsd for tha 1GO volt moda,

In Tabla 1In wa sumeariss reeaits obteingd for & TerTavedtative group of 72343
Yubas, all 1a Ybe *105 wolt® reflactor rols aed with a 30 me 1-f. Valuas of %' -7,
ars given for tha "head on® ncndition and at the two Falf pewsr polats, in celumms
thrae t¢ five. Column six givas %hg high/lew ratic and vaven tha pover output i
allliwatte. Wart wp havs !o. the useful eurrast, vhich sekes a seoond Srip throwzh
the g after reflaction, vhish vas astlzstaed from the gbesrved cethoda curreat Iy
(oclwmn 9). 1n tug teoth eoluxm wa giva tha alactriosl tuning rangs Balveen half

povar polnts, and in tha last the noles pover P, for tts beed oa condition computad
sy bafora.

The uhas reportad Veras wers salected te represant tha widest variations in
avprall parforzasaas $hat va could find in our stook, exalnding thoss whiech were sbd-
slonsly rajasts. The sstimats of I, vas formeil frca chesrvations a) of thy gathods
and raflestor eurrent when the reflector wes positive snd avllectiag all alrotToae
whleh mude ong trip throwgh the eaviiy and b) of the cathole ourreat witd asgative
raflector. Ignering sffsote of wecondarias (which is suraly a qussticnabls prosedurs)
v cosld computy Lranwparengies f tha Vhtae cride (G, and Gy are sinilar). These
torssd cut to ba 1o quits good ugresmest with thy aptienl transperensise, vbigh ie
our only Jastifioation for neglacting tha secoodariss. Witk thans data the ourrsnt
which vae refleotad and cads s second trip through @y could be astimated. Otvicusly
saly this gurreat goumts for o ar profustior, slthough noleg and Yeam loading oam,
af oturss, s goniTibutsd by iha eurrgnt vhich zets Dast 3, on ita first trip. Ia
many nases Oparntion at positive reflector libarated nn-:ionua gus, o0 all tabgs
vars pot throogh a suitable ag’ag bafors Ssnwyrpasnts vers Sade.

¥y f1ad that although powas out;md varlad over s ranga of sluoat 211 and eleatdrionl
tuning waried sver a rangs of abrat 2.6:1, tha acies st head oa varipd swnt 411
83 far va hove ant found any dirscl corrslntica Datlwaed nolse outpud and any ef idg
BEkar quantitiss recorded.
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In Tedble IIV we giva siniler datn (omitting tha current ressurements) for
cna Eeband tubes, Bostly 2X32'e vith a coupls of BOZ2A'e showa for compartsen al-
though they are now sheslote. Thoes were mpasured with 30 mc i-f and in m vafleotor
veitage mode voourring nesr 207 welts. It s not sd all cortain that we wers nelag
the sams Arift asgla in all cases. Ia thdie oase the eryetsl had n oonvereion loss of
2.2 & and o noles temperetusy of 2, b

Au 1u only %0 ha axsactad, thy molse is tnarescel eimse She ratlo of i-f te
r-f 1u emallar and s lergs lmorssee in § of tha oeslllinter in very talikely. If we
corpute the noles to eignal ratlo, PofP, for the oemg 0f 2.5 me bandwidth at 30 ma
1-f {two eldedande) we £10d o8 nversge of 5.1 » 10710 -4 X bard sontresisd with 2,23
210~17 g% X. Censlderinz oaly t%o retss of -7 to o=f in the two cases one wonld ex-
pect o lerger dlfferenss. The Lrplicction Lu tkat 3he londed © of the 2X23 tnke 1s
0zewhat highar than that of the 723AJ6, and this Le hozns out to scms erteat bty the
faot that the elaetrical tun’agz rango s oaly w11, %ty grecter st K-band. In any
svent thazs 14 no Feal daele for the gemcril larrsision that E-bard tabee are "meiny”.

It should he pointed ont that in cxses where Lirke? elsoirical tualng hyeterasie
wag preovent tha poleg wae grasily izareatsand, Th%s mer well ts dus %o, n comBimation of
sffacts wuch ae Banyy Tenalive loeds and raltiple trensite. Dscauss of the great
diffioultien dus to 1netadility ne quantitative work in the hystareeis raglon vas
attpmptad.

Fposurpaante nate o0 a 72ZA/D with g relection f1iltar %2 qlisinate ong side-
band nre prassated in Pige. 3 rnd 4 for 30 a2 50 ng 1.0 tectively. The filter
cand was of orures 2ot parfect and an sopiricsl ecrraction was vesd to ellev for the
T1arkags® that got past it, The walldity of this prcoelurs it ehovn by the faat that
the measured eurve fer Bolh aldghande cgrese quiie vell with the sum of the two separated
eidghacds. Polints ware inkpn with the slaoirical tuning "kaad on' end dptunsd to the
3/4, 1/2 and 1/4 power polnta co sach 9lds. ¢ that et kead on, the twe sldebende
sfs by nd mesns aymmpirical. Thie nt fip:t ue think wve Yad ohobsen Ytha ceater of
the mede inoorreatly, uatil we lacrued that Enipp prefisted Juet thle effset.

The varticsl broken lince ceprazeat the 1luite of owellletlon. Ye wars uasdla
to zike good measurgmeats much halow the 1/ wer points, s0 we lave sketobed in
tke rast of the ourvee ss pradicted by Ioipp'e thetsy. Yo ses now that She high-low
ratic is prinoipally &us %o tha Yahavier of the low frajuaacy sideband.

The effgct of log2 verieticns an the eleg oubpnt of a 7234/D 1e sbown 1a Pig, 3,
whioh 1s an gAmittancs plot with thy plena of refereacs b the getde of the tohef,
Thls wan takan at 30 mo 1-f, end the oldsbeads wers not separated. The raflsetor
voltags vam sst nt the osnter of tha meds ot matoled load. Thae wushers gine nolse
powar in arbitrary unite. As might he expeated e no 1e lenst for 1ight leade and
locFeanan 10 vary high velvas essr the eln

Fote that the noise o0itouTa do mot follow the conductanse llsss exzastiy, Wt
that the tude le more rolasy for 'ndustive léaZa. “Tiis is o sunsssjcedce of tha loag
1lies affact plog the fadt that the b 1dpband 1] iffarent ancunte Of zelug
povar, Tor each point an thyg Algzram re;renect! slar losd sAxittangs we
chiarv«d the power dos to two 0lls Weganes tha 4 s ot renlliy st the grida
bot was sotually several wavelangila sway, ths lo09d 7 Vie bue sldedands 30 mp
sborg asd helow ths catel frejuoia) L ehl fa™an dog thie alfeat
intc spoount wnd nelsg Ealpp'a enrves for the ri sifghands ot & funstion
Tor = dleouoslor of Vha Eat of Tr : [ ¥o. 717, Fctes om
Load ®ffasty Laflaxr D32l
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FIGURE 5 NOISE OUTPUT OF A 723A/B AS A FUNCTION OF
LOAD ADMITTANCE. LF. 30Mc, BOTH SIDEBANDS
NUMBERS ARE % MAX POWER X(Tc'-Tc) WHERE
(Tc¢'-Tc) ARE IN TEMP UNITS. THE CROSS INDIGATES

THE MAXIMUM POWER POINT.
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of load condustance we oould compute the theoretical dlmzrem howo i ¥ig. 6. This
ie drawn for n hypothetical tabe. The sosle agaln is ic arbiSrary uaite. Fote the
strong rasemblance ia the shapy of tha oontoure to those found sxperimestally.

Riccnasion

Tre rather high valoas shown 1o Tables I sod Il undgr Py, ranging upward of 1071
vatts, should o0t ganea uadne alsTm sinom 1t mast be rexembered that in opereting
racelvers thers will by several factors redusing tha asoust of this noles rsaching
the Taealver input. In tha firet place, tha dacoupling csed to adjust ths exolte-

tion for the mixer will operste on tha noles sldebands alwo, end ordinarily ta the
sana axtant

Ssonod, many eoaverters hava o tomed oirpult 1o the input (g.g. a tunadle TR dox)
wvhich profoundly affscts resnlts. L1f tha § 1e sufficiently high, and the bex Le tused
for signale, loeal osolllator fragnecoy and iwege frgcugnoy will be reflegted well.
if the phase of the reflected loonl osolllntor wolbnsa ds right to add to the direct
wave nt the oryetal it will bBe poesibls to desonple by & AD eors tham 1f looal ogoflla-
tor Lo fed in through a matched Ilne ee in thase experiments. A% the sans tite One
aolen sideband (that ot iange frenoeacy) wiil be sizilerly reinforoed. The sideband
at sigeal frequency will ba transsitted through the TR, learing only the direot wave. |
s0 thefe will be & aet ralductico in Acise power converted. The amount of thie im-
provensat ocan readily be oonputed for any spacific cees. The resulte depand etroagly
on the parasetyrs ohosan, but radngtions of 25 to 50‘ Are common. 1t ie perhaps
ioteresting to nota that tha common practios of pntiing the lewel osclllator on She
high frequensy eids of the signnl (s¢ that the low fretnuancy sidedand 1is reduced)
teads to minimies the increass in noles figurs with slestrical taning. With thla
errangement ths noles figurs wonld be ellgatly poorer ot the csuter of the mods but
would not desay nearly as fast vhen slsotriscl tuaing towsrd highar frequercles 1s
Taquired.

Third, the load seen By the osollletor iteelf may nok be ae heavy as we used
Ogotlllatare ere often unierloadsd for the sake Of ssouring mores ualform oatput over
s wide thuning rangs. Trom Fig. § wa sas that oosparetively small chenges in load
whioh would not matariaslly affect tha power ontput Eay Eake ooneldaredle d1ffsrecess
in the nolee.

J. B, H, Fuper
K. C. Valte
Ootober 80, 1946




FIGURE & MNOISE COUNTOURS FOR 30Mc i P HYPOTHETICAL Tups

LINE 3) LONG UNITS ARE 10X Fkg, WHERE F 15 Frou
KNIPP'S REPORT, AND g 15 CONDUGTANCE AT G 05 NOR -

MALIZEDTO ONE AT SmNK THE CROSS INDICATES A I L
POWER POINT
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